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ABSTRACT. - Age and growth of the round goby Neogobius melanostomus (Pallas, 1814) were studied by examination 
of growth increments within otoliths of 868 specimens caught between October 2002 and March 2005 from offshore of 
Samsun city in the southern Black Sea. The values of intercept and slope in length-weight relationships were calculated as 
0.0110 and 3.07 for males and 0.0076 and 3.23 for females, respectively. Marginal increment analysis showed that the 
opaque zone was laid down in spring and summer and the translucent zone in autumn and winter. Mean lengths at age data, 
as derived using otolith readings, were used to estimate growth parameters of the von Bertalanffy equation. The parameters 
of Loo, k and to were calculated for males as 21.5 cm, 0.375 year'and -0.83 year and for females as 23.7 cm, 0.223 year'* 
and -1.59 year, respectively. There was significant differential growth between sexes. Males attained greater length-at-age 
values than females. Otolith weight was a better predictor of fish length and age than other otolith dimensions. Age of 
males and females ranged between 1 and 5 years, while 2 and 3-year old fish were the dominant age classes in both sexes. 
Age-length keys indicated a great length variability within age groups which was considered as a natural outcome of inter¬ 
mittent spawning in round goby. 


RESUME. - Determination de la structure en age et de la croissance par interpretation des otolithes de Neogobius mela¬ 
nostomus (Gobiidae) de la mer Noire. 

L’age et la croissance du gobie rond Neogobius melanostomus (Pallas, 1814) ont ete etudies par observation de I’ac- 
croissement des otolithes de 868 specimens captures entre octobre 2002 et mars 2005 sur les cotes de Samsun, au sud de la 
mer Noire. Les valeurs d’interception et les pentes obtenues dans les relations longueur-poids sont respectivement de 
0,0110 et 3,07 pour les males et de 0,0076 et 3,23 pour les femelles. Les analyses de I’accroissement marginal ont montre 
que la zone opaque s’etablissait au printemps et en ete, alors que la zone translucide s’etablissait en automne et en hiver. 
Les longueurs moyennes a un age donne, obtenues grace a I’etude des otolithes, ont ete utilisees pour estimer les parame- 
tres de I’equation de croissance de von Bertalanffy. Les parametres Loo, k et to calcules ont des valeurs de 21,5 cm, 0,375 
annee'* et -0,83 annee pour les males, et de 23,7cm, 0,223 annee'* et -1,59 annee pour les femelles. Une croissance signifi- 
cativement differente entre les deux sexes a ete observee. Les males atteignent une longueur plus importante pour un age 
donne que les femelles. Le poids de I’otolithe constitue un meilleur indicateur de la longueur et de Page du poisson que les 
autres dimensions de I’otolithe. L’age des males et des femelles varie entre 1 et 5 ans alors que les poissons appurtenant aux 
classes d’age de 2 et 3 ans sont dominants pour les deux sexes confondus. Les cles age-longueur soulignent une grande 
variabilite dans les longueurs a I’interieur d’un groupe d’age. Ceci est considere comme etant la consequence naturelle 
d’une reproduction intermittente du gobie rond. 
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The round goby, Neogobius melanostomus (Pallas, 1814) 
is a demersal fish species belonging to the Gobiidae family. 
The coastal areas of the Black Sea and Caspian Sea, the Sea 
of Azov and Marmara and their tributaries are known as the 
native biogeographic range of this species. Though the map 
for European distribution of the round goby (Miller, 1986) 
indicates that this species does not exist along the southern 
shoreline of the Black Sea, it has a wide distribution in the 
region (Fig. 1). Kura (1980) and Mater et al. (1989) reported 
its range along the whole Turkish coastline in the Black Sea 
and the Sea of Marmara at depths from 2-30 m. Geldiay and 
Balik (1996) represented a distribution map for this species 
including the lower to middle reaches of tributaries, fresh¬ 
water lakes and lagoons in the Black Sea and Marmara 


Region. The round goby in the southern Black Sea is includ¬ 
ed in commercial fishery rates as by-catch in trawl fishery 
and always demanded in local markets. 

Outside of its native range, the Ponto-Caspian region, the 
round goby invaded different aquatic ecosystems far away 
from its origin. The first invasion has been noticed by the 
catch of the first round gobies near the port of Hel in the Gulf 
of Gdansk (Baltic Sea) in 1990 (Skora and Stolarski, 1993). 
In the following decade, it has spread from western part of 
the Gulf of Gdansk to the south and east, along the coastal 
zone of the gulf and become one of the most abundant fish 
species in this ecosystem (Sapota, 2004; Sapota and Skora, 
2005; Skora 1996). In recent years, the round goby has also 
occurred in freshwaters of southeast Europe and its dispersal 
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Figure 1. - Distribution of round goby Neogobius melanostomus in 
the southern Black Sea and the Sea of Marmara (black shadow 
area). [Distribution du gobie roudN. melanostomus dans le sud de 
la mer Noire et en mer de Marmara (figure en noir).] 

in Danube basin was confirmed (Simonovic et al., 1998; 
Simonovic et al., 2001; Stranai and Andreji, 2004). The first 
sight of the round goby individuals in St Clair River in 1990 
in Canada was the sign of another invasion into the Lauren- 
tian Creat lakes (Crossman et al., 1992; Jude et al., 1992). 
The round goby has successfully invaded this large aquatic 
ecosystem by the end of 1995 (Steingraeber et al., 1996). 
This unintentional introduction probably occurred via ballast 
waters of foreign ships from the area of the Black, Caspian 
and Azov Seas or from the Baltic Sea (Charlebois et al., 
1997). 

The studies on age and growth of round goby have previ¬ 
ously carried out on populations from its native range; the 
Black and the Caspian Sea, the Sea of Azov (Kostyuchenko, 
1961; Skazkina and Kostyuchenko, 1968; Tsyplakov, 1974; 
Kovtun et al., 1976) and from the Culf of Gdansk (Skora and 
Stolarski, 1996) and from the Great Lakes and River systems 
(Crossman et al., 1992; Jude et al., 1992; Steingraeber et al., 
1996; Macinnis and Corkum, 2000). Unfortunately, no pre¬ 
vious study has been conducted on age and growth of the 
round goby distributed along the southern Black Sea coast. 

The validation of an ageing technique is essential to pro¬ 
vide accurate and precise age data, but it is rarely attempted 
using direct or indirect methods (Beamish and McFarlane, 
1983). One of these indirect and widely used methods is 
marginal increment analysis that verifies annual deposition 
of otolith growth increments. The unimodal frequency dis¬ 
tribution of otolith margins (opaque or translucent) through¬ 
out a year validates the deposition of a single annulus per 
year and explains the timing of the annulus formation. 

The objectives of our study were to determine the ages 
from otolith readings and to validate age estimates indirectly 
by means of marginal increment analysis, to estimate the 
growth parameters from length-at-age values and to investi¬ 
gate the relationship between otolith and fish size. 


MATERIALS AND METHODS 

The samples for this study were obtained from commer¬ 
cial trawl fishery operating along Samsun city offshore near¬ 
ly in the middle of the southern Black Sea coasts (41°22’N 
and 36°10’E) by monthly periods between October 2002 and 
March 2005, except in the summer months June-August. 
Specimens were caught in water between 30 and 150 m 
depth. A total of 868 individuals were measured to the near¬ 
est millimetre for total length (TL) and to the nearest gram 
for weight (W). The sex was recorded by macroscopic exam¬ 
ination of sexually dimorphic urogenital papilla and gonads. 
The date of capture was also recorded. The length-frequency 
distributions of males and females were compared and tested 
for any statistically significant difference by means of Kol¬ 
mogorov-Smirnov test. 

Otolith preparation and age determination 

The right- and left-side sagittae of each fish were removed, 
preserved dry and separately weighed to the nearest 0.1 mg 
(OW). The weights of the right- and left-side sagittae for each 
individual were tested for any significant difference using 
two sample paired t-test. The total otolith length (OL) was 
determined measuring the distance between the posterior and 
anterior tip of otolith along the central core and the otolith 
breadth (OB) along the dorsoventral axis to the nearest 
0,1 ^m using a micrometer eyepiece. All specimens were 
examined whole under a binocular stereomicroscope (Leica 
MZ 125) at lOX magnification using reflected light while 
immersed in alcohol and against a dark background. 

Ages were assigned based on counts of alternating 
opaque and translucent zones along the axis from core to the 
rostral tip. Two age readings with at least one month interval 
were performed by two readers without reference to fish 
lengths. The precision of age estimates was calculated with 
the Index of Average Percent Error (IAPE), (Beamish and 
Eournier, 1981) and the percent of full agreement between 
readers was also calculated. Otoliths with excessive vateritic 
growth, deformation and indistinct annulus character were 
excluded from the age analysis. As it is conventionally 
accepted, the date of birth was assumed as January 1 for 
assignment of age classes. 

The periodicity and timing of annulus formation was val¬ 
idated by marginal increment analysis (MIA). MIA based on 
following the progression of the rings formed on the edge of 
otolith throughout the year. A plot of the monthly percentage 
of otoliths with opaque and translucent margins will point 
out the annulus formation period. If one maximum per year 
will be found for opaque and translucent zones, then it can 
be considered that only one annulus is deposited throughout 
the year. The period at which the percentage of opaque mar¬ 
gin reached its maximum indicates that fish is in a period of 
fast growth (Morales-Nin, 1992). 
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Growth parameters 

The von Bertalanffy growth function (VBGF) was fitted 
to observed length-at-age data using nonlinear least squares 
estimation procedures. The VBGF is defined by the equa¬ 
tion; 

Lt = U {1-exp [-K(t-to)]} 

where Lt is the total length at age t; L„ is the asymptotic 
length; K is the growth coefficient, t is age of the fish and to 
is the hypothetical age at zero length. Overall growth per¬ 
formance was estimated by the index (j)’ (phi prime test) 
(Munro and Pauly, 1983; Pauly and Munro, 1984): 

({.: = In Kh- 2 In L„„. 

Length-weight relationship and otolith growth 

The relationships between TL and W were determined by 
fitting the data to the commonly used equation; W = aL^ 
(Ricker, 1975), where L is the total length (cm), W is the 
total weight (g), a and b are constants. Regression analysis 
was employed on data for males and females separately after 
linearization by log-transformation to satisfy assumptions of 
normality. Analysis of covariance was performed to deter¬ 
mine if there were significant differences in the weight-at- 
length relationships between sexes (Zar, 1999). 

The otolith dimensions (OD); OL, OB and OW were 


related to TL and age of the fish using generalized linear and 
nonlinear regression techniques to investigate the best model 
fitting the relationship between otolith size and fish size. 

RESULTS 

Otolith morphology, interpretation and otolith growth 

Totally from 868 examined otoliths, 27 specimens were 
rejected as they could not be evaluated due to vateritic dep¬ 
osition and deformations. No significant difference was 
found between the weights of the right- and left-side sagit- 
tae of each pair (paired t-test; t = 1.05; n = 785; p > 0.05). 
So, any of them was used for ageing process in the case of 
deformation or loss of the other one. It is observed that the 
sagittae of round goby are elliptical in shape, slightly con¬ 
cave on distal face and have a sulcus on proximal face. The 
otolith core is opaque and always surrounded by a translu¬ 
cent zone. The first annulus is always clear and followed by 
easily interpretable, alternating opaque and translucent con¬ 
centric growth zones (Fig. 2A-E). An indentation on ventral 
side of sagittae is observed in 16% of the samples (Fig. 3). 
It is observed that this indentation is closed, leaving a trace 
of split in some of the otolith pairs. Nevertheless it does not 



Figure 2. - Otoliths of the round goby 
Neogobius melanostomus from the 
southern Black Sea viewed with reflect¬ 
ed light showing opaque and translu¬ 
cent zones counted for age estimation. 
A: 7.9 cm TL male in the first year of 
growth (0-I-); B: 11.6 cm TL male at age 
1; C: 13.5 cm TL female at age 2; 
D: 19.3 cm TL male at age 3; E: 20.0 
cm T1 male at age 4; F: 20.3 cm TL 
male at age 5. [OtoUthes de gobie rond 
N. melanostomus du sud de la mer 
Noire vus en lumiere reflechie montrant 
les zones opaques et les zones translu- 
cides comptees pour les estimations 
d’age.A : Male de Lt = 7,9 cm en pre¬ 
miere annee de croissance (0+) ; 
B : Male de Lt = 11,6 cm age de 1 an ; 
C : Femelle de Lt = 13,5 cm agee de 

2 ans ; D : Male de Lt = 19,3 cm age de 

3 ans ; E : Male de Lt = 20 cm age de 

4 ans ; F : Male de Lt = 20,3 cm age de 

5 ans.] 
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Figure 3. - Pair of otoliths of 15.0 cm TL male at age 2+ round goby 
Neogobius melanostomus. Open indentation in left-side otolith and 
no indentation on right-side otolith. [Paire d’otolithes d’un male de 
gobie rond N. melanostomus de 15,0 cm LT a 2 ans, montrant une 
echancrure ouverte sur celui de gauche et aucune indentation sur 
celui de droite.] 



Months 

Figure 4. - Monthly frequency evolution of otoliths with opaque 
and translucent edge for males and females of round goby Neogo¬ 
bius melanostomus from the southern Black Sea. [Frequence d’ac- 
croissement mensuel des otolithes avec contours opaques et trans- 
lucides pour les gobies ronds N. melanostomus males etfemelles 
du sud de la mer Noire.] 
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Figure 5. - Von Bertalanffy growth curves for males and females of 
round goby Neogobius melanostomus from the southern Black Sea. 
[Courbes de croissance de Von Bertalanffy pour les gobies ronds 
N. melanostomus males etfemelles du sud de la mer Noire.] 


impede the age counts realized in the rostral direction. 

The precision of age estimates was satisfactory. We 
obtained full agreement between readers in 86% of all read¬ 
ings and low I APE values within reader, 2.5% for the first 
and 4.7% for the second reader. Age estimates ranged from 1 
to 5 years. Age 2 was the most dominant group (50.9%) in 
the samples and followed by age 3 (26.0%), age 1 (18.9%), 
age 4 (3.7%) and age 5 (0.5%). 

MIA demonstrated that one growth zone (consisting of 
an opaque and a translucent zone) is deposited in otoliths of 
round goby during a period of 1 year (Fig. 4). Even though, a 
lack of data for the period between June and August was in 
discuss throughout a year, we were able to observe that the 
opaque zone began to be laid down in March and reached a 
high frequency in May in otoliths of both sexes (99% in 
males and 94% in females). The translucent zone is formed 
between September and February in male otoliths, mainly in 
January and February when opaque zone reached a mini¬ 
mum percent of frequency. The timing of translucent zone 
formation for female otoliths appears to be largely synchro¬ 
nous with males. 

Growth model 

The age estimates from otolith counts show that by the 
first, second, third, fourth and fifth years of life, males reach 
the mean total lengths of 10.7, 14.0, 16.2, 18.3 and 19.0 cm 
compared with 10.3,12.9,14.7,16.8 and 18.2 cm in females, 
respectively. Both sexes indicate rapid growth in the first and 
second years of life growth. Females of same age are heavier 
but shorter than males. 

Age-length keys for males and females are given in table 
II. The length values are highly variable within age groups 
as the data are pooled over a large period of the year. This 
causes widely overlapping length distributions for neigh¬ 
bouring age classes. Mean length-at-age values were signifi¬ 
cantly different between sexes except for age group one. 
Males tend to grow slightly faster in length than females. 

The mean lengths of individuals assigned to each age 
group were used to fit the von Bertalanffy growth model 
(Fig. 5). Asymptotic TF was 21.5 cm for males and 23.7 cm 
for females. Males grew faster (K = 0.38 year"') than females 
(K = 0.22 year'). The growth equation for males was found 
to be: 

Ft = 21.5[l-e-''-'*'^5('+'>*'3)] 

and for females: 

L, = 23.7[l-e-0-223(t+i-59)]. 

The index (jt) values were estimated as 5.154 for males 
and 4.83 for females. 

Length frequency distributions and length-weight 
relationships 

Of the fish examined, 471 were males and 397 females. 
Male fish ranged in size from 7.4 to 25.0 cm (median =14.4 
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Figure 6. - 2002-2005 length frequency distributions (2-mm length classes) of male and female round goby Neogobius melanostomus from 
the southern Black Sea. [Distributions de frequences de longueur (classes de 2 mm de longueur) des gobies ronds N. melanostomus males 
etfemelles trouves dans le sud de la mer Noire, echantillonnes de 2002 a 2005.] 
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Figure 7. - Length-weight relationships for males and females of round goby Neogobius melanostomus from the southern Black Sea. 
[Relations longueur-poids de gobies ronds N. melanostomus males etfemelles du sud de la mer Noire.] 


cm) and females from 7.5 to 19.7 cm (median = 13.0 cm). 
The length-frequency distribution for males and females was 
significantly different (Kolmogorov-Smirnov two sample 
test, d = 4.22, p < 0.001) (Fig. 6). Males tend to be larger in 
the catches than females. 

Length-weight relationships were calculated separately 
for males and females (Fig. 7). 

Males: W = 0.0110 (x- = 0.96, n = 453) 

Female: W = 0.0076 = 0.94, n = 397) 

The sex specific differences in the regression coefficient 
b are statistically significant (ANCOVA, F = 10.80; 
d.f. = 848; p < 0.001). The slope was also significantly high¬ 
er than the theoretical value of 3 for males (t-test, t = 110.36, 
S.E.b = 0.027, p < 0.001) and for females (t-test, t = 79.87, 
S.E.b = 0.040, p < 0.001) indicating positive allometric 
growth for both sexes. 


Relationships between OD-TL and OD-Age for males 
and females were represented in table I. Power functions 
between OD-TL and OD-Age provided a better fit than line¬ 
ar relationships. The power value b was below 1 for OL-TL 
and OB-TL relationships and above 1 for OW-TL relation¬ 
ships. Eish length and age always explain a greater part of 
variation in OW as compared to OL and OB. A considerable 
variation in the otolith weight within each age class causes a 
wide overlap especially among age classes 1-2 and age 
classes 2-3. 


DISCUSSION 

Charlebois et al. (1997) has outlined a problem as wheth¬ 
er a reduction in the range of round goby occurs in the south- 
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Dependent 

variables 

Independent 

variables 

Sample 

size 

a 

b 

r2 

P< 

Standard 
error of 
estimate 

OLmale 

TL 

471 

0.55 

0.76 

0.89 

0.001 

0.058 


TL 

471 

0.70 

0.53 

0.79 

0.001 

0.059 

OWmale 

TL 

471 

0.11 

1.61 

0.92 

0.001 

0.116 

OLfejYiale 

TL 

397 

0.45 

0.83 

0.80 

0.001 

0.070 

OBfemale 

TL 

397 

0.57 

0.61 

0.67 

0.001 

0.073 

OWfeiYiale 

TL 

397 

0.06 

1.84 

0.85 

0.001 

0.133 

OLfnaie 

Age 

471 

3.24 

0.29 

0.50 

0.001 

0.484 

OBjnale 

Age 

471 

2.44 

0.21 

0.43 

0.001 

0.098 

OWmale 

Age 

471 

4.81 

0.67 

0.56 

0.001 

0.247 

OLfejYiale 

Age 

397 

3.09 

0.30 

0.48 

0.001 

0.114 

OBfemale 

Age 

397 

2.32 

0.23 

0.43 

0.001 

0.096 

OWfeiYiale 

Age 

397 

4.42 

0.69 

0.56 

0.001 

0.225 


Table I. - Relationships between otolith 
dimensions and total length or age of 
round goby Neogobius melanostomus. 
The predictive equations are of the cur¬ 
vilinear form y = aX^. [Relations entre 
les dimensions des otolithes et la lon¬ 
gueur totale ou I’age des gobies ronds 
N. melanostomus. Les equationsprevi- 
sionnelles sont de type curvilineaire : 
y = aX^7 


Table II. - Age-length key for males and females of round goby Neogobius melanostomus from the southern Black Sea based on whole 
otolith readings. [ Cles age-longueur pour les gobies ronds N. melanostomus males etfemelles du sud de la mer Noire fondees sur les lectu¬ 
res d’otolithes.] 


Length 
intervals (cm) 

Age group (years) 

Males 

Females 

1 

2 

3 

4 

5 

1 

2 

3 

4 

5 

6.5-7.5 

1 










7.5-8.5 

18 





10 





8.5-9.5 

16 





23 

1 




9.5-10.5 

14 

8 




12 

6 




10.5-11.5 

14 

18 




3 

29 

2 



11.5-12.5 

11 

22 

2 



13 

45 

3 



12.5-13.5 

12 

37 

8 

3 


6 

89 

12 

1 


13.5-14.5 

8 

44 

20 



1 

41 

24 

1 


14.5-15.5 


38 

27 

1 


1 

19 

26 



15.5-16.5 


27 

29 

2 



1 

8 

1 


16.5-17.5 


9 

21 

2 



1 

7 

1 


17.5-18.5 


5 

18 

1 

2 


1 

2 

4 

1 

18.5-19.5 



11 

4 



1 

1 

1 


19.5-20.5 


1 

2 

4 

1 






20.5-21.5 



1 

6 







21.5-22.5 











22.5-23.5 



1 








23.5-24.5 











24.5-25.5 



1 








Total 

95 

209 

141 

23 

3 

69 

233 

85 

9 

1 

Mean 

(Standard error 
of estimate) 

10.68 

(0.21) 

14.00 

(0.14) 

16.19 

(0.17) 

18.27 

(0.55) 

19.00 

(0.66) 

10.27 

(0.21) 

12.92 

(0.08) 

14.71 

(0.16) 

16.78 

(0.69) 

18.20 

(*) 


ern Black Sea since Berg (1949). It is evident that no reduc¬ 
tion has occurred in its biogeographical range as we have 
samples, which have not been evaluated in this study but 
collected from the coastline along the southern Black Sea 
from Sinop to Rize cities. 

The otolith method used for age determination of round 


goby in the present study has been suggested for this species 
firstly by Kostyuchenko (1961) and later used by Bilko 
(1971). Macinnis and Corkum (2000) preferred lapilli pairs 
of otoliths. Simonovic et al. (1998) used scales in aging of 
round goby in the River Danube. Interpretation of sagittal 
otoliths of round goby was simple and unproblematic, in this 
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Table III. - Comparison of age- and sex-specific length of Neogobius melanostomus from Southern Black Sea with previously reported 
studies. (*) range of length measurements, (**) mean length. [Comparaison des longueurs selon I’age et le sexe de N. melanostomus du 
sudde la mer Noire avec les donnees d’etudes anterieures.] 


Source 

Geographic region 

Sex 

Age 

group 

Length (type of 
measurement) 
(cm) 

Berg, 1949; NikoTskii, 1954 

Black Sea, Caspian Sea and Sea of Azov 

M 

1 

10.0-13.0 (SL)* 




3-4 

17.0-18.0 (SL) 



F 

1 

8.0-11.0 (SL) 




3-4 

13.0-14.0 (SL) 




5 

25.0(SL)** 

Jude etal., 1992 

St Clair River, Michigan, USA 

M-l-F 

0-1- 

2.9-6.1 (TL) 




1 

6.1-11.8 (TL) 

Skora and Stolarski, 1996 

Gulf of Gdansk, Baltic Sea 

M-l-F 

2 

15.2 (SL) 




3 

18.2 (SL) 




4 

21.2 (SL) 




5 

24.6 (SL) 

Steingraebereta/., 1996 

Little Calumet River, Illinois Water Sys- 

M-l-F 

1 

7.0-9.0 (TL) 


tern, USA 


2 

12.1-14.0 (TL) 

Simonovic et al., 2001 

Danube River, Yugoslavia 

M-l-F 

0 

4.22 (SL) 




1 

7.68 (SL) 




2 

9.28 (SL) 

Macinnis and Corkum, 2000 

Upper Detroit River (USA) 

M 

1 

6.28 (SL) 




2 

7.59 (SL) 



F 

1 

5.84 (SL) 




2 

6.46 (SL) 




3 

8.27 (SL) 

Stranai and Andraji, 2004 

Danube River and Hron, Slovakia 

M 

- 

9.0 (SL) 



F 

- 

8.6 (SL) 

Present study 

Southern Black Sea 

M 

1 

10.7 (TL) 




2 

14.0 (TL) 




3 

16.2 (TL) 




4 

18.3 (TL) 




5 

19.0 (TL) 



F 

1 

10.3 (TL) 




2 

12.9 (TL) 




3 

14.7 (TL) 




4 

16.8 (TL) 




5 

18.2 (TL) 


study. The high agreement of 86% obtained between two 
independent readers and the high individual precision indi¬ 
cated by low I APE values of 2.5% for the first and 4.7% 
appears satisfactory for accepting of otolith as the appropri¬ 
ate ageing material. Also, the otolith ring structure could be 
confirmed by the MIA method as yearly structures but ideal¬ 
ly a direct validation method such as known-age fish method 
is still needed (Beamish and McFarlane, 1983) in order to 
confirm that the age readings do not include bias. 

Kostyuchenko (1961) reported that annulus formation was 
first evident in April or May in the Sea of Azov. According to 
Macinnis and Corkum (2000) annulus formation occurs 
between late May and early June in upper Detroit River. It is 
considered that both authors mean the newly growing zone in 
otolith by the term of ‘annulus formation’, which corresponds 
to ‘opaque zone’ in this study. The opaque zone formation 
appears to begin slightly later in the upper Detroit River than 
in the southern Black Sea and the Sea of Azov. 

More attention has been paid to OW to examine its utility 


in age predictions as an alternative method to annuli counts 
as it is common for many fish species (Franks et al., 1999; 
Cardinale et al., 2000; Newman and Dunk, 2002; Tuset et 
al., 2005). But the assumption of normality is not valid for 
otolith weights within age group 1 due to lack of individuals 
smaller than 7.4 cm probably due to selectivity of the sam¬ 
pling method and within age group 4 having relatively low 
number of specimen. Furthermore, the great variability in 
otolith weights within each age group and overlapping val¬ 
ues among age groups prevents to obtain an index which can 
be used to predict age from OW measurements. 

Age-length keys revealed a clear and high variability in 
length within age groups, which may be a natural result of 
prolonged spawning in round goby. We observed that the 
round goby has a reproductive season, which extends from 
May to August as it was previously reported (Berg, 1949; 
Kovtun, 1977; Skora and Stolarski, 1996). This variability in 
length-at-age values may decrease the reliability while esti¬ 
mating the growth rate by length-based models. 
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The observed age range of five years was similar to those 
reported for round goby in other parts of the Black Sea, in 
the Caspian and Azov Sea and in the Baltic Sea, whereas in 
river systems this species has a life span ranging from 1-3 
years (Tab. III). 

In accordance with Berg (1949), NikoTskii (1954), Skora 
and Stolarski (1996) and Macinnis and Corkum (2000), 
males were reported to grow faster but have smaller asymp¬ 
totic length than females in this study. The rapid growth of 
males may be attributed to late maturation (3-4 years old) 
when compared to females (2 years old) (NikoTskii, 1954). 

Jude et al. (1992) estimated the length-weight relation¬ 
ship of round goby in the St. Clair River with combined 
sexes. Wolfe and Marsden (unpubl. data referenced by Char- 
lebois et al., 1997) and Skora and Rzeznik (2001) were 
recorded no significant difference between the length-weight 
relationship of round goby males and females respectively in 
Calumet Harbor (IL) and in the Culf of Gdansk. In contrast, 
we determined significant differences between the slopes of 
length-weight equations obtained from both sexes. 

Therefore, a further study comprising the age data 
belonging the early and the very late period of life span of 
round goby may contribute in a better understanding of its 
growth model and to improve the utility of OW measure¬ 
ments in age estimation which may provide a more objective 
criterion than those based on annuli counts. 
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